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(54) Routing method and system for a high speed packet switching network 

(57) The present invention is related to high speed 
packet switching networks and, more particularly, to a 
process for selecting an optimal path for packets trans- 
mission without bandwidth reservation in communica- 
tion systems supporting both bandwidth-reserved and 
non-bandwidth-reserved connections. Non-reserved * 
network connections do not have bandwidth set aside 
either implicitly or explicitly. The lowest delay priority is 
assigned to non-reserved traffic and the networks drops 
non-reserved packets when their buffer overflow at 
intermediate links. Because the data profile over the 
connections is bursty and non deterministic, reserved 
traffic does not lead to a full links utilization except on 
peaks. Therefore, non-reserved traffic can be transmit- 
ted when some bandwidth is available on the links. The 
purpose of an efficient bandwidth management is to 
reserve on the links as many bandwidth as possible with » 
a guaranteed quality of service, and to use the inherent 
remaining bandwidth to transport traffic from the users » 
who are just expecting a "best effort" service. The Path , 
Selection algorithm for non -reserved connections com- 
prises the step of weighing each transmission link with 
a weighing function dependent of both reserved non- 
reserved traffic. 
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Description 
Technical field 

The oresent invention is related to a process for selecting a routing path in a high speed pa<*et switching ine^ork 
andm*e^ non-reserved bandwidth traffic according to both reserved and non-reserved band- 

width on connections. 
Background art 

Technology and Market Trends 

The evolution of the teieconrnmications in general and of the packet switching networks in particular is driven by 
many factors among which two of them worth emphasizing : technologies and applications. 

Emerging Technologies 

Communication technologies have realized these last years considerable progress with : 

. the maturing of new transmission media and specially of optica, fiber. High speed rates can^b^s^toedwith 
vTrv^bitVor rates For example, the very important bandwidth provided by optical connections, their low atten- 
1^^^^^ Quairty aTeTned to account as we., as for long distance networks as for high 

• unTversatlw digital technologies within private and public telecommunications networks. 

communication .inks to the area of the giga-bit per second representing an increase ^^^^^Z 
typical links in traditional networks. The increase the communication capacity is generating more attractive tariffs and 
large bandwidths are economically more and more attractive. 

so New Applications 

On the other hand in relation with these new emerging technologies, many potential applications that where not 
posSe now becoming accessible and attractive. In this environment three generic requ.rements are 
expressed by the users : 

35 * "S^^SSSSL which are achievab.e on tow cost persona, computers, have raised user expectations 
SJX^a™ networks response times that were acceptable some years ago aretcxiay no .onger 
Serable. The user interface can be bettered, for example, wrth fast response full screen applications. 

40 

' SSS 7 SSSSSS!^ disparate networks that major users have. Investments can be optimized 
£?ntS Jvoic'video. and data over the same transport facilities regard^ of, pro- 

22T52 £. Z opportune to contro. their networking cost by choosing [^^^T^Z^ 
ance ootions offered by the variety of vendors and earners and to max.rn.ze their ability to take advamage or 
ScaE bum on of disparate underlying network techno.ogies. However, the motivation for rationalization 
S ZSZSZ savfrnoney on links but also to provide a better networking service by integrating the many d,s- 
parate networks into a single coherently managed unit. 

50 ' Eme^aSSnTtike graphic, image, video, and multimed* processing are requiring a very large volume of 
Sa^nta^llSonTtha; were not feasible (or indeed imaginable) before are now becoming accessible 
generating an ever-increasing demand on bandwidth. 

55 High Speed Packet Switching Networks 

Data transmfesion is now evolving with a specrfic focus on applications and by int^rating ^amental shift inthe 
traffic orofile Driven by the growth of workstations, the local area networks interconnection, the distributed 
prSn^b^ andliper computers, the new applications and the integration of various and often 
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conficting structures - hierarchical versus peer to peer, wide versus local area networks, voice versus data - the data 
profile has become more bandwidth consuming, bursting, non-deterministic and requires more connectivity. Based on 
the above, there is strong requirement for supporting distributed computing applications across high speed networks 
that can carry local area network communications, voice, video, and traffic among channel attached hosts, business, 
5 engineering workstations, terminals, and small to intermediate file servers. This vision of a high speed multiprotocol 
network is the driver for the emergence of fast packet switching networks architectures in which data, voice, and video 
information is digitally encoded, chopped into small packets and transmitted through a common set of nodes and links. 

An efficient transport of mixed traffic streams on very high speed lines means for these new network architecture a 
set of requirements in term of performance and resource consumption which can be summarized as follows : 

10 

a very large flexibility to support a wide range of connectivity options, 
a very high throughput and a very short packet processing time, 
a efficient flow and congestion control. 

15 Connectivity 

In high speed networks, the nodes must provide a total connectivity. This includes attachment of the user's devices, 
regardless of vendor or protocol, and the ability to have the end user communicate with any other device. The network 
must support any type of traffic including data, voice, video, fax, graphic or image. Nodes must be able to take advan- 
20 tage of all common carrier facilities and to be adaptable to a plurality of protocols. All needed conversions must be auto- 
matic and transparent to the end user. 

Throughput and Processing Time 

25 One of the key requirement of high speed packet switching networks is to reduce the end-to-end delay in order to 
satisfy real time delivery constraints and to achieve the necessary high nodal throughput for the transport of voice and 
video. Increases in link speeds have not been matched by proportionate increases in the processing speeds of com- 
munication nodes and the fundamental challenge for high speed networks is to minimize the packet processing time 
within each node. In order to minimize the processing time and to take full advantage of the high speed/low error rate 

30 technologies, most of the transport and control functions provided by the new high bandwidth network architectures are 
performed on an end-to-end basis. The flow control and particularly the path selection and bandwidth management 
processes are managed by the access points of the network which reduces both the awareness and the function of the 
intermediate nodes. 

35 Row and congestion Control 

Communication networks have at their disposal limited resources to ensure an efficient packets transmission. 
These limitations are principally located at the level of links bandwidth, nodes processing capacity and buffers size at 
the emission and reception of data packets. When the traffic demand increases, the network undergoes congestion 
40 phenomenons which take the form of a collapse of the network performances expressed in terms of actual throughput, 
average transfer delay of packets through the network, number of packets lost or in error... 

An ideal network should be able to transmit an useful traffic directly proportional to the traffic offered to the network and 
this as far as the maximum transmission capacity is reached. Beyond this limit the network should operate at its max- 
imum capacity whatever the demand is. In the reality, the operations diverge from the ideal for a certain number of rea- 

45 sons which are all related to the inefficient allocation of resources in overloaded environment. In particular, the size of 
the queues on the links increases rapidly in function of the traffic and exceeds the capacity of the buffers in the nodes. 
Packets which can not be stored any more are thrown away causing their retransmission and propagating congestion 
towards links located upstream generating an additional internal traffic. There is an avalanche phenomenon due to the 
fact that beyond a certain limit, the useful transport capacity of the network decreases when the demand for traffic 

50 increases. 

For the operating to be satisfactory, the network must be implemented so as to avoid congestion. The simplest solution 
obviously consists in oversizing the equipments so as to be positioned in an operating zone which is distant from the 
congestion. This solution is generally not adopted for evident reasons of costs and it is necessary to apply a certain 
number of preventive measures among which the main ones are : 

55 

• the flow control for regulating the emitting data rate of the calling subscriber at a rate compatible with what the 
receiver can absorb. 

• the load regulation for globally limiting the number of packets present in the network to avoid an overloading of the 
resources, and 



3 



EP 0 753 979 A1 

. the load balancing for fairly distributing the traff ic over a., the .inks of the network to avoid a local congestion in pa, 
ticular resources. 

Bandwidth Management 

Anere^bandw^manageme*^ 
costs per byte continue to drop ^'^^^ * consHer'aWe efforts 
of operating future telecornmun,cat,on asth ^jn^or oa bette r manage the net- 
have been spent on designing flow and congestion control processes, anu rouu <y « 



to work bandwidth. 
Routing Modes 



75 
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25 



A genera, problem in the communication networks is to find a pa* betwe*, ^^^^X 
the n Jwork is using datagrams, the path selection must be done irxWiduaHy for each packet For vrtua. 
path decision is done once only at the time of the connection (°r session) a large nun * e r of often conflict- 

dom or Stochastic Routing, Deterministic Routing. This last technique * one of the most widely used, .wo 
operation are opposed : the Fixed Routing and the Adaptive Routing. 



30 Fixed Routing 



35 



The Fixed Routing defines paths that must take the deferent packets according to the general 
tics S network topo.ogy and the mean traffic expected on the commur, Ml ^Jjjj^ 



technique is not very flexible. 
Adaptive Routing 



40 



45 



. Centralized Routing fluchja t B » is possible to adapt the routing by assigning to one node 
When the characteristics of the netwonx tiuctuaie, re is jx»wuie iu »«f r , , h „ 1 ™,i nnu Thi<; 



50 node. 



D,St te DiSS Routing is a method in which neighboring nodes are exchanging messages concerning the 
traffic and the network condition to update their own routing tables. 



55 



End-to-End Routing 



The Disced Routing is currently used in most high speed ^^^^!!SSSS Sag" 
to obtain all information required for routing packets. In order to minimize the processing feme and to taKe ru 
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of the high speed/low error rate technologies, the transport and control functions provided by the high bandwidth net- 
works are performed on an end-to-end basis. No hop-by-hop error recovery or retransmission is envisioned in high 
speed, high performance (lew error) links, and thus, there is no need for transit nodes to be aware of individual transport 
connections. The originating node is responsible for calculating the route that a packet must take through the network. 
5 The routing of the packets presents two aspects for which a wide range of implementing methods exists : 

1 . Determining what the route for a given connection shall be, 

2. Actually switching the packet within a switching node. 

ro Connection-Oriented and Connectionless Routing 

As described in the document High Speed Networking Technology, An Introductory Survey (pages 116 to 
129) - GG24-3816-00 ITSC Raleigh June 1993, one distinguishing characteristic of a network is the presence or 
absence of a "connection" between end users. They are many ways of constructing connectionless or connection-ori- 
is ented networks. In most of cases, packets using different routing modes can share the same data transmission facili- 
ties. Two routing modes are widely used and are described as example : the Automatic Network Routing and the Label 
Swapping. 

Automatic Network Routing 

20 

The Automatic Network Routing is a particular implementation of the Distributed Routing for connectionless net- 
works. The source node (or access node) is responsible for calculating the route the packet must take through the net- 
work. Each packet includes in its routing field a list of labels of all links through which the packet will pass as it move 
across the network The labels are used by the intermediate nodes to direct the packet towards its destination. Each 
25 packet is routed through the network as a self contained unit and is independent of all other packets. Automatic Network 
Routing requires no connection set up activity in intermediate nodes and support true datagram services. 

Label Swapping 

30 The Label Swapping is a particular implementation of the Distributed Routing for connection oriented networks. 
These networks typically multiplex many connections (or sessions) on a link using some form of logical "channel". Each 
packet sent on the link has a header which includes an arbitrary number identifying which logical connection that this 
packet belongs to. The call set up and the resource reservation process comprises the following steps : 

35 • A connection request is specified by the user via a set of parameters including origin and destination address and 
data flow characteristics. 

The path determination is realized by the source node from its local routing Topology Database 

40 • The route reservation is sent out in a special message along the specified nodes. Said message, which is usually 
routed according to the previously described Source Routing technique, signals the nodes to set up their connec- 
tion tables and to reserve their resources to provide the level of service required by the traffic type (for example, a 
bandwidth reservation on each of the links of the path). 

45 • The tables update reflects the changes in the availability of the network resources. The information is sent to every 
node in the network. 

The Label Swapping technique requires that the connection tables be set up and maintained dynamically in each 
node. This restriction makes datagram transport quite inefficient. However, due to the low packet overhead, this tech- 
so nique is particularly adapted to the transmission of very short packets (for example real-time voice connections). 

Reserved and Non-Reserved Traffic 

On large Networks with disparate traffic, two types of communications can be defined : 

55 

• The Reserved Communications for which the user is expecting from the network a committed bandwidth 
reserved and a guaranteed quality of service. 

• The Non-Reserved Communications for which the expected service is "best effort delivery". Data are delivered 
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as fast as possible when it is possible. 

While the connects routing m*es ? qu*e *fn SSS SSSS 

nor quality of service, connection oriented routing® w ^ l _«^^ r °^^ a ^ n ^. reS erv e d traffic require- 
, quaSy of service are expected to be provide* In *« «^«"" ajless out^g surtenon ^ es ^ ^ 

ments while connection oriented routing surts reserved traffic bette ^Jr"?^ problem to solve is the fairness 
types of traffic, reserved and non-reserveri. in a s '"9 le ~ n "^ 
b^eenthetv*.^^ 

ruption, ...) : this is the interest of the user. But this is also mis 'nieresiu therefore overload the network. 

,o defcy or quality probfem, users with ^^^^ < ^^^^^Z^e. by daf inHion, 

path for the non-reserved traffic taking advantage of bandwidth holes. 
15 Summary of the Invention 



20 



nodes interconnected with transmission 
the transmission of packets without bandwidth reservation, 

said method characterized in that it comprises the steps of : 



30 



. weighing each transmission link with a weighing function dependent of both reserved and non-reserved traffic, 
so that : 

25 - the more traffic, 

- the more reserved bandwidth, 

the higher the weight. 

• determining the optima! route between the origin and the destination node by selecting links of lowest weight. 

Furthermore, safci weighing function is dependent of the traffic exceeding the reservaUe bandwidth. 
Said weighing function v/ 9 is the result of the product of : 

35 • a Bounded Total Traffic Weight w BVj , 

• an Excess Traffic Weight w Et g. and 

• a Reserved Traffic Weight w RJj . 

40 said step of selecting lin»«wtt^ 

bX oount and total weight over the route. ^^^SS^SS!^ out the method of 
The present invention further dtecloses a m«M node compr ^^"^^^^^ 
determining a route between an origin node and a d ^ n *™ J^f^ data packets, a 

,s reservation, said node comprising one or more database, updated by 

S^-SSST^ - * - - ,oad on 

the transmission links. 
so Brief Description of the Drawings 

. Figure 1 shows the properties of the different traffic Weights used for selecting the optimal route according to the 
present invention. 

55 . Figure 2 shows a typical model of high speed packet switching network including the nodes claimed in the present 
invention. 

. Figure 3 describes a high speed Routing Point according to the present invention. 
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• Figure 4 shows the portion of the Topology Database containing the information related to the present invention. 
Figure 5 describes the general structure of the Topology Database. 

5 • Figure 6 shows a general flow chart of the path selection procedure according to the minimum hop criterion. 

• Figure 7 shows a general flow chart of path selection procedure according to the absolute minimum path Weight 
criterion. 

w • Figure 8 shows a detailed flow chart of the search algorithm used for selecting the path with the minimum hop 
according to the present invention. 

Figure 9 shows a detailed flow chart of the search algorithm used for selecting the path with the minimum path 
Weight according to the present invention. 

75 

• Figure 1 0 shows the last step of the path selection process for obtaining the list of the links forming the path accord- 
ing to the present invention. 

Description of the Preferred Embodiment 

20 

High Speed Communications 

As illustrated in Figure 2, a typical model of communication system is made of several user networks (212) com- 
municating through a high performance network (200) using private lines, carrier provided services, or public data net- 

25 works. Each user network can be described as a set of communication processors and links (21 1) interconnecting large 
computers used as enterprise servers (213), user groups using workstations or personal computers attached on LAN 
(Local Area Networks 214), applications servers (215). PBX (Private Branch exchange 216) or video servers (217). 
These user networks, dispersed in different establishments, need to be interconnected through wide area transport 
facilities and different approaches can be used for organizing the data transfer. Some architectures involve the checking 

30 for data integrity at each network node, thus slowing down the transmission. Others are essentially looking for a high 
speed data transfer and to that end the transmission, routing and switching techniques within the nodes are optimized 
to process the flowing packets towards their final destination at the highest possible rate. 

The present invention belongs essentially to the latter category and more particularly to the fast packet switching net- 
work architecture detailed in the following paragraphs. 

35 

High Performance Packet Switching Networks 

The general view in Figure 2 shows a fast packet switching transmission system comprising eight nodes (201 to 
208) each node being interconnected by means of high speed communication lines called Trunks (209). The access 

40 (210) to the high speed network by the users is realized through Access Nodes (202 to 205) located at the periphery. 
These Access Nodes comprise one or more Ports, each one providing an access point for attaching external devices 
supporting standard interfaces to the network and performing the conversions required to transport the users data flow 
across the network from and to other external devices. As example, the Access Node 202 interfaces respectively a Pri- 
vate Branch exchange (PBX), an application server and a hub through three Ports and communicates through the net- 

45 work by means of the adjacent Transit Nodes 201 , 206 and 208. 

Switching Nodes 

Each network node (201 to 208) includes a Routing Point where the incoming data packets are selectively routed 
so on the outgoing Trunks towards the neighboring Transit Nodes. Such routing decisions are made according to the infor- 
mation contained in the header of the data packets. In addition to the basic packet routing function, the network nodes 
also provide ancillary services such as: 

• the determination of routing paths for packets originated in the node, 

55 • directory services like retrieving and updating information about network users and resources, 

the maintaining of a consistent view of the physical network topology, including link utilization information, and 
the reservation of resources at access points of the network. 

Each Port is connected to a plurality of user processing equipments, each user equipment comprising either a 
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Fields. 

Th« Ro.rt.na Fields contain all the information necessary to route the packet through the network (200) tothe des- 
* ^^1!S^SSLl These f ieWs can take several formats depending on the routing mode spec- 



the Routing Fields. 
Routing Points 



Figure 3 shows a genera, btock diagram of a typical Routing Point (300) such as it can 
nodes (201 to 208) illustrated in Figure 2. A Routing Point comprises a h.gh speed packet Swrtch (302) onto wh.ch pack 
ets arriving at the Routing Point are entered. Such packets are received : 

. from other nodes over high speed transmission links (303) via Trunk Adapters (304). 
20 • from users via application adapters called Ports (301 ). 

Using information in the packet header, the adapters (304. 301) determine ^S^^S!^ 
means of the Switch (302) towards a local user network (307) or towards a transm.ss.on talk (TO*^ 
Titers 001 and 304) include queuing circuits for queuing packets prior to or subsequent to the, launch on the 

45 SSSSta this way. the utitization of the communication facilities of the packet network rs optrm-^to carry sg 
n^^re traffic than'woufo be possible with dedicated transmission links for eac* commun.cation path. 

Topology Database CTDB) 

The Topology Data Base contains information about nodes, links, their properties, and the bandwidth ^kratioa 
TtaSSrSn is replicated in each node of the network. An algorithm guarantees the correctness of each 
SSEe ^ links and nodes are added or defoted or when their charactenstics change. The data- 

base comprises : 

55 • the physical topology of the network which includes static irtorrmtion like physical characteristic of nodes and 
links. 

! £ tTSSSH dynamic characteristics like current bandwtfth (used and reserv^ real time 

measurements ... 
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The general organization of the Topology Database is shown in Figure 5. To each resource in the network, nodes 
(501) or links (502), is associated an entry in the database. In particular, each link entry includes the following charac- 
teristics : 

5 • (503) the fink physical properties : 

transmission medium and speed, 
routing mode supported, 
maximum packet size, 
w - link buffer capacity, 
propagation delay, 
bandwidth reservation supported ... 

• (504) the link state : 

15 

on-line (link can accept user connections), 

quiesce (link cannot accept additional user connections, but existing connections continue), 
off-line (link cannot accept user connections and existing connections are cancelled)... 

20 • (505) the link utilization : 

real time measurements, 
reserved bandwidth, ... 

25 Bandwidth Reservation 

Most of the high speed connections are established on a reserved path to guarantee the bandwidth and the quality 
of service requested by the user. The path across the network is computed in response to each connection request by 
the originating node. The computed path is based on the parameters characterizing the network connection's require- 
30 ments and on link capacity and load information maintained in the Topology Database of each network node. The orig- 
inating node sends a reservation request to the end node. As the bandwidth request packet flows along the chosen 
path, each transit node determines whether it has enough capacity to accept the new connection. If the connection is 
accepted, the requested bandwidth is reserved. Changes are reflected in every node of the network by means of 
update messages. 

35 Figure 4 shows in a table, some of the information stored in the Topology Database. Though all characteristics of 
the links are listed in each node, in the present application only a few will be described : 

Maximum Packet Size (bytes) mpsjj 

mpSy is defined as the maximum packet size supported by the link between nodes / and /. 

40 

Total Capacity (bps) C 

The Topology Database contains, for each link, its Total Capacity. The value Cy represents the total bandwidth 
available on the link between nodes / and j. 

45 • Total Reserved Equivalent Capacity (bps) C R i j 

For a connection k on a link between nodes / and /, the simplest way to provide low/no packet loss would be to 
reserve the entire bandwidth requested by the user. However, for bursty user traffic, this approach can waste a sig- 
nificant amount of bandwidth across the network. To save resources, the bandwidth amount actually reserved is 
equal to an "Equivalent Capacity" c^. said Equivalent Capacity being a function of the source characteristics and 

so of the network status. The bandwidth reservation falls somewhere between the average bandwidth required by the 
user and the maximum capacity of the connection. 
The value 

K 

55 C R j = C R j j = £ c m = sum of the reserved Equivalent Capacities 

*=1 



represents the total bandwidth reserved on the link between nodes / and j by K connections already established. If 
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needed. 



link between nodes / and /. 

ASSESS 1 2* the link between node , and node , is^mputed by adding the total reserved 
bandwidth C Ri and the measured bandwidth M Wf used by non-reserved traffic. 

^y availabTunks cannot be loaded up to a theoretical maximum load (bandwidth) for two reasons . 

- first, to set aside bandwidth for network control functions, and bandwidth violations 

- secondly, to keep the toss probabilities and queue.ng delays low in the case of short term oanawrain 

by the different traffic sources. 

The reserve fraction of a link rf is the effective percentage of the Total Capadty C that . beresjvj on 
the iSZmm nodes i and / to maintain a reasonable quality oi ^mission. If C, m the Total Capacity 

* E X ^^^^^^^ 3L« . a I* C, can be e^y 
reserved for user traffic (rf < 0.85). 



Path Selection 
Selection Criterions 



put of the nelwork. The Path Selection process must supply to the r^u^ ^StZxied The Path Selection 
a poim-to-point connection will be established, and some * network 

algorrthm uses as input parameters in one hand the user ^"'^.^^^sS the test" path based on 
links and nodes as maintained in the Topology Database. The Path Selection process selects me oes pa 



the following criterions : 
• Quality of Service : 



End-to-end Transit Delay specifications. 



SZZS consist of as few links as feasible to support the connection's ^^^^^ 
SnSng the amount of network resources as well as processing costs to support the connection. The path com 
putation is based on the links utilization at the time the connection is requested. 



SKEKi hop path, a path wKh ,ghtiy loaded" ,in f is preferredover a 
the preponderant criterion of selection, the path of lesser load is chosen. 
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A path with minimum load will be preferred when specific quality of service constraints are specified (maximum 
delay for example) or when connections must be routed to insure an effective load balancing in the network. The hop 
count, however, is a direct measure of the amount of resources required to implement a given path and hence is also 
of considerable importance in selecting a path. The problem is to select a path between an origin node and a destina- 
s tion node which has a minimum hop count, a minimum path load, and which does not utilize an inordinate amount of 
network resources. 

The object of the present invention is to consider both reserved and non-reserved traffic to determine also for non- 
reserved connections the best path within the network. 

10 Routing Algorithms 
Bellman-Ford Algorithm 

There are several possible adaptive routing algorithms to compute an optimal path between nodes in a packet net- 
15 work. The Bellman-Ford algorithm described by D. P. Bertsekas in "Dynamic Programming : Deterministic and Sto- 
chastic Models", pages 318-322, Prentice-Hall, 1987, Englewood Cliffs, New Jersey, and D. P. Bertsekas and R. 
Gallager in "Data Networks", pages 387-417, Prentice-Hall, 1992, Englewood Cliffs, New Jersey, is one of the 

most currently used in fast packet packet switching networks. The objective of the algorithm is to find a path joining two 
nodes with the minimum load, the load being defined to reflect the congestion of the link. The algorithm starts from the 
20 source node and first find the lightest path loads subject to the constraint that the paths contain at most one link. Then, 
it find the lightest path loads with a constraint of paths of at most two links, and so forth. 
Let 

N the number of nodes (labeled 1,2 N). 

25 • M the number of unidirectional links. 

It is assumed that there is at most one unidirectional link going from one node to another, and so a link can be iden- 
tified by its end points. 
h the number of hops, 

D(i,h) the lightest (^ h) path load from source node 1 to node /. 
30 By convention D(1 ,h) = 0 for all h. 

dy the load of the link connecting node / to node j. 

By convention = ao if nodes / is not connected to node /. 

Initially D(/,0)= « for all / ^ i 
35 For each successive 0 ^ h , 

D(/,n + 1) = min y [D(y,/7) + c/ y/ ] 

, j = 1 N for all / * 1 

40 A path can contain at most N - 1 links. In the worst case, the algorithm must be iterated N - 1 times, each iteration 
must be done for N - 1 nodes, and, for each node, the minimization must be taken over no more than N - 1 alternatives. 
Thus the amount of computation grows at worst as A/ 3 . 

Let D(i) be the lightest path load from node 1 to /, with D(1)=0, then the equation converges with h = N - 1 and 
can be written : 

45 

D{i) = min y [D(y) + d fi ], for all / * 1 
0(1) = 0 

so This is called Bellman's equation and expresses that the lightest path load from node 1 to / is the sum of the path 
loads to the node before / (on the lightest path) plus the load of the final link of the path. 

Modified Bellman-Ford Algorithm 

55 As described with the Bellman-Ford algorithm, one of the major criterion for selecting paths between nodes in 
packet networks is the minimum path load. However, the hop count, on the other hand, is a direct measure of the 
amount of resources required to implement a given path and hence is of considerable importance in selecting paths. 
The hop count is defined as the number of links used to construct the path between two nodes. A selected path need 
not be a minimum hop count path since congestion on the network links may force the choice of a larger hop count path. 



11 



EP 0 753 979 A1 



10 



15 



20 



25 



resources might be committed to one patn, resurang miu u * a throunhnut could thereby be adversely 

diate node with exactly h links. . 

Let D(/.rt) the lightest path load from the source node to the node / exactly h hops . 

D{i,h) = min ; [D(/',/i - 1) + d f ] , / = 1 N for all / * 1 

going until it finds a path with the smallest path length (It stops when tne ugniesi p*u 
cannot be further reduced or when all hop counts have been tried). 

Path Selection for Reserved Connections 

A method for selecting a path for reserved ^^^^ 
477 entitled "Methods and Apparatus for Optimum Pa* Selection n! 

nection. A current Weight definition for reserved connections on a link is the following . 



c 

30 ZJ_ 



where : 



35 



C is the total capacity in bit per second (bps) of the link between nodes / and /. ^ nnortinn 



nection. 



40 



The Path Weight is the sum of the Weights of the links over the selected path : 



45 



h 

W= £ Wi 
n = 1 



where : 



so • W is the Path Weight 
. h is the path hop count, 

n is the current hop count, 
. Wjj is the Weight of the link between nodes / and 

55 The more links are congested over the path, higher the Path Weight is. 

The modified Bellman-Ford algorithm uses the following Weight rn.nim.2at.0n equaton . 
For each successive 0 < h t 

W(i,h) = m\r\j[W{j,h - 1) + , / = 1 N for all / * 1 



12 



EP0 753 979 A1 



Path Selection for Non-Reserved Connections 

Non-reserved network connections do not have bandwidth set aside either implicitly or explicitly. The lowest delay 
priority is assigned to non-reserved traffic and the networks drops non-reserved packets when their buffer overflow at 
5 intermediate links. That is why the Path Transfer Delay and the Loss Probability are not part of the quality of service 
guaranteed to non-reserved connections. 

Because the data profile over the connections is bursty and non deterministic, reserved traffic does not lead to a full 
links utilization except on peaks. Therefore, non-reserved traffic can be transmitted when some bandwidth is available 
on the links. The purpose of an efficient bandwidth management is to reserve on the links as many bandwidth as pos- 

10 sible with a guaranteed quality of service, and to use the inherent remaining bandwidth to transport traffic from the 
users who are just expecting a "best effort" service. The fact that the conditions of transport for the non-reserved traffic 
are not constraining does not mean that this type of traffic is a not important : a fair "best effort" service is expected. 
That is the responsibility of the network bandwidth management process to take advantage of these "bandwidth 
holes" in a way to allow the non-reserved traffic to efficiently use them. 

15 The Path Selection process according to the present invention, is using the following parameters for non-reserved 
connections : 

the "Weight" of the path used as load measure, 
the maximum number of hops over the path, and 
20 • the maximum packet size allowed on the path. 

For determining the best path, the Non-Reserved Path Selection (NRPS) algorithm uses the well known Bellman- 
Ford algorithm, modified in the sense that the algorithm is stopped as soon as the target node is reached. 

25 Path Weight 

The value minimized by the algorithm is the Path Weight W as described here after. A path has a Weight which is 
the sum of its links Weights. For non-reserved connections, the Path Weight is expressed by : 

30 h 

n = 1 



35 where : 

• W is the Path Weight 
h is the path hop count, 
n is the current hop count 

40 • w)j is the Weight representing both reserved and non-reserved traffic of the link between nodes / and /. 

The Non-Reserved Path Selection procedure (NRPS) uses the modified Bellman-Ford algorithm with link Weight 
measure taking into account both reserved and non-reserved traffic. 
For each successive 0 < h, 

45 

Wy.h) = rrir\j[W(j t h - 1) + W ; j , / = 1 N for all / * 1 

The Weight w'q used in the Non-Reserved Path Selection procedure according to the present invention, is made of 
three parts : 

so 

the Bounded Total Traffic Weight w BTi p 
the Excess Traffic Weight w E s, and 
the Reserved Traffic Weight w Ri g 

55 

W'jj = W BT j j x W E jj x W R j j 
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Bounded Total Traffic Weight 

The Bounded Total Traffic Weight is derived from the Weight defined currency for reserved connections : 
. When fcfl and C ft does not exceed the maximum link reservable capacrty R }j given by ff f - rf x C |f then : 

C 



10 



,s . When both C<a and ^>,^^ 

limited to a maximum value (constant) given by : 



20 where : 

. C« is the total capacity of the link between nodes / and / 



. C n is the total capacity ot me nn* Dewe*.. - « ~ /■ fi reserved connections 

25 interface hardware. averaae caoacity m*** (bps) requested by the new 

. £ (2}^ i s equal to capacity already reserved C plus the average capacity NR>k \ k ~i 

non-reserved connection 

ie not verified bv the requested non-reserved connection, a default value 

to the maximum value 



■« is limited 



35 Excess Traffic Weight 



It is used as a coefficient of Wbtjj- 
The Excess Traffic Weight is defined according to the following expression : 



■45 



When 6 s R ( y, then is assumed to have a constant value equal to 1 . 
so where: 

. *ft is epua. to the capacity 0^ reserved on the Kn k by aH *e *Un. ™*^^^«™r£^ 
capacity used by all the existing non reserved connecfons and the new estimated non-rese 

k: 

55 ..(2) _ uP) 



• ft, is the reservable capacity of the link 

v 
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Reserved Traffic Weight 

Due to the particular nature of non-reserved traffic (lowest priority, uncommitted quality of service), it is also neces- 
sary to multiply w BT jj by another coefficient to differentiate reserved and non-reserved traffic links and to favour links 
5 with low reserved traffic. Thus, non-reserved packets have a higher chance to flow over the network with the minimum 
delay. 

The Reserved Traffic Weight is defined as follows : 



Wrm " 

where: 

is • Cy is the total capacity of the link between nodes / and /. 

C Rt ij is the capacity reserved on the link between nodes / and / by all the existing reserved connections (with a max- 
imum value of fy) 

Note : 

20 

w R i j is equal 1 to when no connection is reserved on the link (& fl « = 0) and increases quickly with the reservation 
of new connections. The link Weight increases in the same proportions. 

Wffjj reaches its maximum value w maxRi j when all reservable capacity of the link is reserved 

25 

W -J- 

max,R,ij ~ 



30 Traffic Weigths Properties 

Each Weight considered independently from the other has an effect on the link choice based on its specific prop- 
erties. 

• Reserved Traffic Weight w Ri j 

The Reserved Traffic Weight is greater or equal to 1 . When no traffic is reserved, w Rij is equal to 1 and its effect 
on the link Weight is null. w Ri j only takes into account the reserved traffic, and thus, regardless of the non-reserved 
traffic load of the link, favours links with low reserved traffic. 

The more traffic reserved, the higher w R ip and the less the link is selected 

Bounded Total Traffic Weight w BTi j 

The Bounded Total Traffic Weight takes into account both reserved and non-reserved traffic. It favours links with the 
lowest traffic, regardless of the type (reserved or non-reserved). 

The more traffic, the higher w BT j and the tess the link is selected 

This Weight is bounded when traffic exceeds reservable link capacity. In that case, it is useless since it does 
not allow to differentiate links (see Figure 1 when total traffic exceeds 1800 kbps) 

Excess Traffic Weight w Ei j 

Basically, the Excess Traffic Weight takes the relay of w BT j to differentiate links where traffic (actual or requested) 
50 exceeds the reservable link capacity. w Ei j is equal to 1 (so has no effect on link Weight) as long as the estimated 
traffic is lower than the reservable link' capacity (C (2 )jjj = R$- Then, it becomes greater than 1 when traffic 
increases over the reservable link capacity. 

Note : The reserved traffic amount is not a measured value but is the maximum value subscribed by the users. For 
instance, 15 Mbps reserved traffic may have been subscribed on a 20 Mbps link by a connection that may effec- 
55 tively use less capacity during some time, while 7 Mbps of non-reserved traffic, for example, can be measured. The 
total (22 Mbps) is, in that case, higher that the reservable link capacity (1 7 Mbps = 20 Mbps x 0.85). 
The more traffic in excess, the greater w E i p the less the link is selected. 

These three Weights are, of course, interdependent also. The main effect of this interdependence can be 
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10 



15 



expressed as follows : 

1 . WEJ] lakes the relay of * m when it reaches tts boundary, and allows to take into account traffic in excess. 

2 The reserved traffic is significant in both Reserved Traffic Weight w RA and Excess Traffic Weight w EM while non- 
%Z£ M lE* repLented in Excess Traffic Weight Links willow reserved Mhc (even wth h,gh 
n?nT«erved traffic) are favoured as opposed to links with high reserved and low non-reserved Mhc. 

Traffic Weights Computation 

Here are some practical examples of link Weight computation : 
No Reserved Capacity Case : Weight w\ 

Link Weight computation for a non-reserved connection k : 

• Non-reserved connection : m NRtk = 5 x 10 5 fc>ps. 

• No reserved capacity on link : C R = 0bps. 
Variable non-reserved traffic. 



20 



25 



30 



35 



40 



C w x10 5 


Mnr 

x10 5 


m NR£ 
x 10 5 


x10 6 


we 


*R 


w 1 
x10 6 


0 


0 


5 


0.67 


1 




0.67 


0 


4 


5 


1.14 


1 




1.14 


0 


r 


5 


2.38 


"l 




2.38 


0 


12 


5 


8.33 


1 




8.33 


0 


16 


5 


16.7 


1.24 




16.7 


0 


20 


5 


22.2 


1.47 




22.2 


Note : W<\ 


= W BT x W E x W R 



Constant Reserved Capacity Case : Weight W 2 

Link Weight computation for non-reserved connection k 

• Non-reserved connection : m NRfk = 5 x 10 5 £>ps. 

• Constant reserved capacity on link : C R - 8 x 1 0 bps. 
Variable non-reserved traffic. 

. 2 Mbps E1 link : C = 2 x 10 6 bps. 



45 



50 



55 



C H x10 5 


Mnr 
x10 5 


MNR£ 
x10 5 


x10 6 


~ 


w R 


x10 6 


8 


0~ 


5 


2.38 




1.67 


3.97 


8 


4 


5 


8.33 


1 


1.67 


13.9 


8 




5 


16.7 


1.24 


1.67 


34.4 


8 


12 


5 


22.2 


1.47 


1.67 


54.4 


Atofe : v/ 2 


>=w BT * 


w £ x w R 
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Constant Non-Reserved Traff ic Case : Weight w* 3 

Link Weight computation for non-reserved connection k : 

5 • Non-reserved connection : m NRfk = 5x 10 5 £?ps. 

• Constant non-reserved traffic on link : M NR = 8 x 10 5 6ps. 
Variable reserved capacity. 

• 2 Mbps E1 link : C = 2 x 10 6 bps. 

10 



15 



20 



C H x10 5 


x10 5 


m NRM 
x10 5 


x 10 6 




*R 


x10 6 


0 


8 


5 


2.38 


1 


1 


2.38 


4 


8 


5 


8.33 


1 


1.25 


10.4 


8 


8 


5 


16.7 


1.24 


1.67 


34.4 


12 


8 


5 


22.2 


1.47 


2.5 


81.6 


Note : v/ 3 = w BT x w E x w R 



Traffic Weights Representation 

25 Figure 1 represents four curves : 

The curve w BT shows that, when no corrective coefficient is applied to take into account traffic in excess, the curve 
become fiat (at 1 800 kbps) and the Weight does not allow to chose links after that limit is reached (while this choice 
is the more important). 

30 

The curve w\ shows that, when no traffic is reserved, the link is always preferred to links that have reserved con- 
nections (least Weight) : w*, is below vf 2 and v/ 3 for the same total traffic. 

• The curve w' 2 : shows that with a reserved traffic constant (equal 800 Kpbs), the Weight is always greater than the 
35 Weight computed with vv^ (Only non-reserved traffic) for the same total traffic. 

The curve w' 3 : shows that, when the reserved traffic increases, the link Weight increase accordingly. For Instance, 
for a total traffic of 1.8 Mbps, the Weight in w\ is equal to 30 while it reaches 48 in w' 2 and 60 in k/ 3 , that means 
that the Weight computed in w 3 is two times greater than the one in tv^ . In this particular example, with a total traffic 
40 of 1.8 Mbps. it is possible to select along the path two links with only non-reserved traffic (v/^) for only one with 
reserved traffic (wy, assuming that the hop count is not a selection criteria. 

The main advantages resulting of the computation of these Weights, object of the present invention, are : 

45 1 . Preferred links are those with the less total traffic. 

2. When the total traffic is the same on several links, links with the less reserved traffic are preferred. 

As non-reserved traffic has the lowest priority, the proposed algorithm strongly favours links with few reserved traf- 
50 f ic in order to maintain a more acceptable response time even for non-reserved traffic. 

Non Reserved Path Selection Procedure (NRPS) 

Path request 

55 

Each connection request includes the following input parameters: 

the origin Node A, 
the destination Node Z, 
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• the estimation of bandwidth required for the new connection, 

• the Weight measure used, 

• the maximum hop count allowed, 

• the maximum packet size needed, 
. the minimum hop path or lightest path selection criterion. 

This operation is described in Figures 8 and 9. 

Definition of Variables 

The variables used in the Non Reserved Path Selection process (NRPS) are the following : 

. mpsu (bytes) is the maximum packet size supported by the link between nodes / and /. 

* w*n is the Weight of the link between nodes/ and j, 

. WXLh) is the minimum cumulated Weight from origin node A to node / in h hops, 

. mi) is the minimum cumulated Weight from origin node A to node / .n any hop count, 

. h is the iteration index of the search algorithm, equal to the hop count, 

20 • S(h) is the set of valid nodes reached in h hops, 

. P is the set of links part of the best path searched between nodes A and Z, 

• Z REACHED is a flag set when a path from nodes A to Z has been found. 



70 



IS 



25 



Initial Phase 

In a first phase, the variables piously defined are initialized with the following values 



. W'{A) = 0 

• S(0) = 4> 

30 • For all nodes / * A and for all /i : W{i,h) = » 

• P = <t> 
. h = 0 

• Z_reached - FALSE 

35 Path Computation 

Here are given as example, two illustrations of the Non Reserved Path Selection procedure. 

• Minimum Hop Path 



40 



45 



'STe 6 (shows a general flow chart of the path selection procedure according to the present invention when 
the ^H^^-El™ hop path. The main advantage is to use as few network resources as pos- 

sible. 

- (602) Starting at point (601). the variables are first initialized. 

- (603) Once inrtia.izat.on has been realized, links which cannot support the t ^^^ t ^ i 1 ** 
maximum packet size mps 9 is less than the value requested for the path, are excluded from the search. 

- (604) After links pruning, the path search algorithm is activated to compute the path with minimum hop. 

- (605) A test determines whether the destination node Z has been reached or not : 

- (606) If destination node Z has not been reached, no path is feasible and the procedure is stopped at that 
point (606). 

- (607) If destination node Z has been reached, the path with the minimum hop and the lightest Weight is 
selected. The procedure then terminates in point (608). 



50 
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• Lightest Path 

Figure 7 shows a general flow chart of the path selection procedure according to the present invention when 
the "best" path criterion is the absolute minimum path Weight (not necessarily the minimum hop). The absolute 
lightest path is selected independently of the hop count to obtain, for example, an efficient network load balancing. 

5 

(702) Starting at point (701 ), the variables are first initialized. 

(703) Once initialization has been realized, links which cannot support the requested path, for example if their 
maximum packet size mpSy is less than the value requested for the path, are excluded from the search. 

10 

(704) After links pruning, the path search algorithm is activated to compute the lightest path. 

(705) A test determines whether the cumulated Weight W'(Z) of the destination node Z is infinite (no path has 
been found) or not: 

15 

(706) If the cumulated Weight is infinite, then destination node Z cannot be reached and no path is feasible. 

(707) If destination node Z has been reached (if the cumulated Weight is not infinite), the lightest path is 
selected. The procedure then terminates in point (708). 

20 

Search Algorithm 
Minimum Hop Path 

Figure 8 shows a detailed flow chart of the modified Bellman-Ford algorithm used in step (604) for determining 
25 the best minimum-hop path with the lightest Weight. 

(802) Starting at point (801), the origin node A is added to the previously empty set of nodes to explore S(n) 
(n = 0 at starting point (801)). 

30 - (803) Because S(0) = S(0) u {A) , the first (and only) node to be visited with hop count h = 0 is node A. 

(804) The first link of the current visited node, called here link is examined. 

(805) The Weight w)j of the link /; is computed according to the equations previously described in the present 
35 invention. 

(806) The cumulated Weight of the current visited node [W(i t h) at node / in h hops) added to the Weight tv'^ 
of link ij is compared with the cumulated Weight of the node reached ( W'(j t h + 1) at node j in h + 1 hops). 

40 - (812) If W'(i,h) + v/g ^ W{j t h + 1) , the current link does not bring a better possibility to reach node j 

and the next link of the current visited node / is examined. 

(807) If W(i,h) + v/g < W{j t h + 1) , then a better possibility to reach the node j has been found. The 
cumulated Weight W'{j,h + 1) of the node reached in h + 1 hops, is updated with the better cumulated 
45 Weight value just found. The input link ij associated with the node j Weight value is also stored at node j. 

The process goes on with step (808). 

(808) A test determines whether the reached node j belongs to the set of nodes to visit in the next hop S(h + 
1) or not: 

50 

(812) H the node is already in the set of nodes to visit, then the next link of the current visited node / is 
examined. 

(809) If the node is not already in the set of nodes to visit, then node j is added to said set. The process 
55 goes on with step (810). 

(810) A test determines whether the reached node j is the path destination node Z or not : 

(801) If node / is the destination node Z, then the Z_REACHED indicator is set to the value TRUE to reflect 
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the fact that a feasible path from node A to node Z exists, the process goes on with step (812). 

- If node ;1s not the destination node Z, then the process goes on with step (812). 

(812) A test determines whether other links belonging to the current visited node / exist or not : 

. (8 i 3) Hc^linksextet.thene^ 

ined. The process goes on with step (805) already described. 

- H no more links exist the process goes on with step (814). 

(814) A test determines on whether other nodes in the S(h) set must be visited for the current h hop count or 
not : 

. (815) If other nodes exist, the next node j is examined and the process goes on with step (804) a.ready 
described. 

. if no more nodes exist, the process goes on with step (816). 

(81 6) A test determines whether the destination node Z has been reached or not : 

. (819) If the destination node Z has been reached (in hop A as we are running the minimum hop algorithm), 
the process stops. 

. H the destination node Z has not been reached, the process goes on with step (81 7). 

- (817) A test determines whether the set of nodes to visit in next hop S(h + 1) is empty or not : 

- (819) If this set is empty, then no other node can be visited in next hop and the process stops. 

f8181 If there are nodes to visit in the next hop (n + 1). then the current hop count h is incremented. The 
" M^n^l^X to the current hop count (803) is examined and the process goes on. 

^r^shows a detailed «ow chart of the mod«ied Bellman-Ford algorithm used in step (704) to determine 
the least-weight path regardless of the hop-count. 

- (902) Starting at point (901). the origin node A is added to the previously empty set of nodes to explore S(h) 
\h = 0 at starting point (901)). 

. (903) Because S(0) = S(0) w (AJ . the first (and only) node to be visited for hop count h = 0 is node A. 

- (904) The first link of the current visited node, called here link ij. is examined. 

- (905) The Weight W ? of the link ,} is computed according to the equations previously described in the present 
invention. 

of hops : 

(907) If W{i) + * t < . then a better possibility to reach the node j has been found and the process 
goes on with step (907). 

(91 1) If W(fl + ^ WW ■ then the current link does not bring a better possibility to reach node / and 
the next link of the current visited node i is examined. 

. (907) The cumulated Weight of the node (regardless of the number of WW££Z^£™ 
SaS Weight value just found. The input link ij associated with the new node , We.ght value . also stored 
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- (908) A test determines whether the cumulated Weight of the node W'(j) exceeds or not the smallest cumu- 
lated Weight to reach the destination W{Z) ( W'{Z) is infinite as long as destination Z has not been reached by 
any path. Then, smallest value replaces previous smallest value obtained in steps 906 and 907). 

- (91 1) If the cumulated Weight of the node W'{j) exceeds the smallest cumulated Weight to reach the des- 
tination W(Z), the current link does not bring a better possibility to reach node j. The next link of the cur- 
rent visited node / is examined 

- If the cumulated Weight of the node W{j) does not exceed the smallest cumulated Weight to reach the 
destination W(Z), the process goes on with step (909). 

- (909) A test determines whether the reached node j belongs or not to the set of nodes to visit in the next hop 
S(/> + 1): 

- (91 1) If the node is already in the set, then the next link of the current visited node / is examined. 

(910) If the node is not already in the set, node / is added to the set and the process goes on with step 

(911) . 

- (91 1) A test determines whether other links of the current visited node / must be tested or not : 

(912) If other links exist, the next link ij between visited node / and another reached node j is examined. 
The process goes on with step (905) already described. 

If no more links exist, the process goes on with step (91 3). 

- (91 3) A test determines whether other nodes of the S{h) set must be visited or not for the current h hop count : 

(91 4) If other nodes exist, the next node j to visit is examined. The process goes on with step (904) already 
described. 

If no more nodes exist in S(h), the process goes on with step (915). 

- (915) A test determines whether the set of nodes to visit in next hop is empty or not : 

(91 7) If this set is empty, then no other nodes can be visited in next hop and the process stops. 

- (916) If there are nodes to visit in the next hop (h + 1), then the current hop count h is incremented. The 
first node to visit with the current hop count is examined and the process goes on. 

Best Path 

Figure 1 0 shows a detailed flow chart of the algorithm used in step (607) and (707) to obtain the list of links forming 
the best path just found in steps (604) and (704). Once the search has succeeded and the destination node is reached, 
the links composing the selected path are obtained by assembling the best links associated with the nodes determined 
in the search algorithm. The assembling is done by retracing the nodes of the network starting at destination node Z. 

(102) Starting from the destination node Z (1 01), the best node incoming link, for the path hop count h stored during 
the search algorithm in steps (604) and (704), is retrieved. The link is characterized by its lowest Weight in h hops 

• (103) The identified link is added to the current list P of links. Initially, the list P is empty. 

• (104) The hop count is decremented. Initially, the hop count is set at the path hop count determined by the search 
algorithm. 

(105) the previous node, the one on the other end of the link, is retrieved. 
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• (106) A test determines whether the origin node A is reached or not : 

- (106) If the origin node A is reached, the process stops (107) and P contains the list of all links. 
s . (102) H the origin node A is not reached, the best link from current node is examined and the process goes on 
with step (102). 

Claims 

transmission of packets without bandwidth reservatron 

said method characterized in that it comprises the steps of : 

. weighing each transmission link with a weighing function dependent of both reserved and non-reserved 
traffic, so that : 

the more traffic, 
the more reserved bandwidth, 
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the higher the weight. 

. d*™*, i. «M «*. b— ft. «H» «d i. node br «*cm 9 «n»s«l~«.« ! W.. 

the reservable bandwidth, the higher the weight. 

prises the step of determining a Bounded Total Traffic Weight w BTJ , : 

. When both Cty and ft* are below the maximum link reservable bandwdth R, the Bounded Total Traffic 
Weight is equal to : 



35 



c, 



40 



45 



Whenever ft« orfcfl exceed the maximum link reservable bandwidth fl^givenby fl, = rf x C,.thenC$ 
or C<& is replaced by the value B,-. 

When both &Q and fift exceed the maximum link reservable bandwidth R, the Bounded Tola. Traffic 
Weight is limited to the maximum value : 

1 

W maX ,BT,ij = C . 0 . rf)2 



so where : 

. C is the total bandwidth of the link between nodes / and /. 



55 



C ^ is the Danawioin o w- „ ^ existing non-reserved connections, 

by trie new non-reserved connection k. 
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determining a Reserved Traffic Weight w R $ according to the expression : 

w - H - 



with : 

w R i j = 1 when no bandwidth is reserved (C Ri j = 0), 

1 



w on = w 



R,ij ~ n max,R,i} ~ -| . 

is when all reservable bandwidth is reserved ( C Rfj . = R f j). 

where : 

Cq is the total bandwidth of the link between nodes i and j. 
20 • C R i j is the bandwidth reserved on the link between nodes / and j by all the existing reserved connections (with 
a maximum value of R«) 

5. The method of determining a route between an origin node and a destination node, according to anyone of claims 
2 to 4, wherein said step of of weighing each link in function of the traffic exceeding the reservable bandwidth com- 
25 prises the step of determining an Excess Traffic Weight w £ j according to the equation : 

C (2) 

w Bt9 = maxt1.-^] 



where : 



C is equal to the bandwidth C J}£ reserved on the link by ail the existing reserved connections plus the aver- 
age bit rate used by ail the existing non-reserved connections and the new estimated non-reserved con- 
35 nection/c: 



M NR,g = M NR,g + m NR,k 

Ry is the reservable bandwidth of the link 

40 

6. The method of determining a route between an origin node and a destination node, according to claim 5, wherein 
said weighing function w^- is the result of the product of : 

* the Bounded Total Traffic Weight w BTi j f 

45 

the Excess Traffic Weight w Ei j, and 

• the Reserved Traffic Weight w R jj. 

50 7. The method for determining a route between an origin node and a destination node according to anyone of the pre- 
ceding claims, wherein said step of of selecting links with lowest weight includes the step of minimizing the total 
weight over the route, or minimizing both hop count and total weight over the route. 



8. The method for determining a route between an origin node and a destination node according to anyone of the pre- 
ss ceding claims, wherein said step of determining an optimal route between the origin and the destination node uti- 
lizes a Bellman-Ford algorithm. 



9. A communication node (300) in a packet switching communication network (200) comprising a plurality of nodes 
(201 . .208) interconnected with transmission links (209), comprising means for carrying out the method of determin- 
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ing a route b*ween an origin node and a destination node 

10 A packet Aching communication network (200) comprising a plurality of transmission links for interconnecting a 
plurality of nodes (201 ..208) according to claim 9. 
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